Traffic noise is one of the main problems cities have to deal with. Therefore noise reducing measures have been carried out. In order to choose suitable measures it is important to know about their effects. The normal way of evaluating these measures in Germany is to focus on the reduction of sound level. But noise, defined as a sound which is perceived as nuisance cannot be measured just by these numbers. It is an individual perception and therefore varies from person to person. Moreover, depending on the type of measure, there are side effects which have an influence e.g. on accessibility (barriers) or the living environment (green), which in turn affects people's annoyance. Therefore the Ministry for Climate Protection, Environment, Agriculture, Nature Conservation and Consumer Protection of the German State of North Rhine-Westphalia funded a study carried out by the Institute for Urban and Transport Planning. Main part of this study was a survey performed in four German cities where the following five measures had been implemented over the last years: noise reducing asphalt, grass covered tramways, noise barriers, soundproof windows and night driving bans for lorries. The aim of this research was to "measure" the subjective effect of noise reducing measures on residents. The results show that residents feel negatively affected by traffic noise in different ways, e.g. that noise reduces their living quality and causes sleep problems or makes it necessary to keep the windows shut. The main health problems which were reported are nervousness, sleep and hearing problems. The longer residents live close to traffic noise, the higher is the rate of noise induced health problems. After implementation of the measures almost all of the residents experienced an improvement of their living situation. The rate of highly annoyed people was reduced by 8,3% to 22,9%.
Introduction
Traffic noise is one of the main problems cities have to deal with. A survey by the Federal Environment Agency of Germany showed that more than every second person in Germany feels more or less annoyed by road traffic (Borgstedt S et al., 2010) . Since the year of 2005, municipalities have to calculate and map noise levels and set up noise action plans in order to reduce noise induced effects on individuals. In this context, the Ministry for Climate Protection, Environment, Agriculture, Nature Conservation and Consumer Protection of the German State of North RhineWestphalia set up funding for the implementation of traffic noise reducing measures.
The effects of these measures are of great interest to the responsible authorities. But what are the effects? The normal way of evaluating measures in Germany is to concentrate on measurable factors like the noise reduction achieved by these measures. But some of these measures achieve noise reductions of less than 3 db (A), so it is not perceptible by humans. But does that mean the measure is effectless? Do these measures still have an influence on the annoyance of people? Annoyance is a feeling and is influenced by a lot of different factors (like e.g. their attitude towards the source of noise) so it can hardly be measured by the level of noise reduction. What about the influence these measures have on other factors such as the quality of living environment (if green is introduced in the street) or the accessibility (if noise barriers are built)? Are measures with high noise reduction always the ones to be preferred by the people?
Therefore the ministry funded a study carried out by the Institute for Urban and Transport Planning RWTH Aachen University. Main part of this study was a survey performed in four german cities where the following five measures had been implemented over the last years: noise reducing asphalt grass covered tramways noise barriers soundproof windows night driving bans for lorries
The main goal of this research was to "measure" the subjective effect of noise reducing measures on the residents. How annoyed do they feel, what effects on their sleep or concentration do they mention, do they have any noise induced effects on their health and has there been any improvement since the measures have been carried out?
Scientific knowledge on the effects of noise on humans
Noise is defined as a sound which is perceived as a nuisance and detrimental to well-being, performance and health as well as the social coexistence of humans and beyond that it may also have socio-economic adverse effects (Hellbrück et al., 2005) . The effects of noise on people can be categorized into psychosocial effects and harmful effects to health. Among the psychosocial effects is a purely negative emotional annoyance and also consciously perceived impairment of work efficiency and communication. The adverse health effects can be classified into aural and extraaural effects. The extra-aural effects are, amongst others, sleep disturbance, endocrine effects (release of stress hormones), and cardiovascular diseases such as hypertension and ischemic heart disease (MKULNV, 2004) .
According to various studies (MKULNV, 2004; UBA, 1990; SRU, 1999; ) the sound level limit depends, amongst other factors, on the time of day (day or night), the examined location (indoor or outdoor), but also on the duration and frequency of exposure. This exposure to noise, particularly traffic and industrial noise, leads to adverse health effects on humans. While during the day an internally measured average sound level of 30-35 dB (A) may lead to health damages (UBA, 1990), the critical average sound level at night is at 25 dB (A) (UBA, 1990) . Especially at night, noise can damage health by altering the normal sleep pattern. Depending on the sound, for example, a shorter duration of sleep, slow-wave sleep phase and dream phase can be mentioned as a result (SRU, 1999) . From an equivalent continuous sound level of 65 dB (A), caused by air traffic or road noise for example, a significant noise pollution is stated (25% of respondents feel very annoyed) (SRU, 1999) . An impulsive noise is perceived as a strong annoyance when the sound level increases to more than 50 dB (A). In road and rail traffic, this is only the case above a sound level of 65 or rather 78 dB (A) ). However, if noise increases above 99 dB (A) per day (measured outside buildings, at a rate of 19 times per day), or more than 75 dB (A) at night (inside, at a rate of 6 times per day), then a critical noise nuisance is assumed (SRU, 1999) . The heavier and longer the noise impact on the human body, the more severe are the mental and physical consequences such as disruption of communication and work, but also of sleep and regeneration (UBA, 1990) .
Crucial for the assessment is initially in which quantifiable amounts the above-named effects occur, which proven significant and quantifiable impact they have on people's health, quality of life and productivity. On the other hand, particularly strong psychosocial effects depend on feelings which are difficult to objectify. In addition to the measurable characteristics of the sound source, the individual sensitivity to noise and the approach of the sound source is also crucial (required, accepted or not accepted) (Gottlob and Ising 2000; SRU, 1999; UBA, 1990) .
In this context, dose-response relationships try to show a correlation between exposition and the corresponding effects (e.g. annoyance, sleep disorders, illness) (Giering, 2010) . Thereby all correlations should show the same principle, S-shaped curve according to Porter (Porter et al., 1998) . Concerning the delimitation of the correlations, however, the studies (amongst others (Miedema and Oudshoorn, 2001) ) give different results. (Giering, 2010) To assess the impact of noise on the population, dose-response relationships between annoyance and a noise indicator Lden and between sleep disorders and a noise indicator LNight should be used. The European Commission published a "POSITION PAPER" (European Commission Working Group on Health and Socio-Economic Aspects, 2004) in 2004 on this issue.
Approach to determine the impact of noise reduction measures
Numerous studies already exist for the evaluation of sensitivity to noise and disruption caused by noise. The impact of increased noise levels can only be determined when taking into account the microlocation, since the intensity of stress is affected directly by the respective natural and particularly by the built environment. For the determination of traffic noise-related stress and its variation due to the actions, various instruments were used within this study. An essential element of the analysis was a written survey of residents. For this a questionnaire was developed, in reference to existing noise pollution studies, which collected data on the perceived stress of those affected for each location. In order to classify these charges, additional data about the environment and the measure was necessary. The analysis determined this information by further data collection, which included on-site visits, in which the standardized conditions of the environment were recorded, and interviews with local authorities who had implemented the measure. In addition, telephone interviews took place with residents of the areas where measures had been implemented, so that specific issues could be deepened. The five study areas differ in social structure and location:
Case 1 is a suburban area with mainly middle class single-family houses where a noise barrier of 3m height was constructed to protect the area from railway noise. Case 2 is an area with nearly 600.000 inhabitants with a closed structure of apartment buildings and one of the main entrance roads to the city. There, the tramway rails had been covered by grass. The road goes through a wealthy district of the town and the residents' education level in this area is above average. In Case 3 noise reducing asphalt was installed in a mixed use area on one of the main entrance roads to the city center. The residents live mainly in apartment buildings. Case 4 consisted of the installation of soundproof windows in flats close to main roads in an entire town. Case 5 is a mixed-use urban quarter with mainly single-family houses and a high proportion of migrants. The survey was accompanied by street workers in order to deal with the existing social problems. In this area a nighttime lorry ban was introduced.
Design and procedure of the written survey
The central element of this study is a written survey of those affected in the investigated areas. It includes details on the stress on residents and its changes caused by implementation of noise abatement measures. The changes were derived, due to the timing of the survey, from retrospective questions on annoyance prior to the measure. An empirical survey in form of a written interview was conducted for analysis of the subjective assessment of the current noise situation (after implementation of a measure to reduce noise) and for the retrospective evaluation. For this purpose, standardized questionnaires were distributed in affected households at the selected sites. The survey on the measures being investigated was carried out in adjacent homes, which had been selected in consultation with the communities.
Two questionnaires were distributed per household. By collection of socio-demographic data or the move-in date, differences in the perception of noise could be represented. The aim of the survey was to analyze the traffic noiserelated nuisance and the impact on health of those affected and to investigate the perceived change in stress due to the measures. The perceived effects of noise nuisance were also examined in terms of the limitations of social interaction as well as the impact on well-being and health. Since noise perception is strongly influenced by surrounding environmental conditions but also by the individuals themselves and their characteristics and attitudes, the influence of these intervening variables had to be taken into account. Therefore the questionnaire was divided into five thematic blocks.
1. Perception of the measure / annoyance by traffic noise: Focus of the survey is to investigate the nuisance caused by traffic noise. Therefore the perceived disturbance effects of traffic noise at different times of day and activities are requested in the first block of questions. The survey of annoyance caused by traffic noise is done according to standards given by the conventions of ICBEN. Due to the survey timing, the change of this annoyance was derived from retrospective questions about the annoyance before the implementation of measures. The annoyance was recorded before and after implementation of measures in each case on the basis of rating scales. In addition, respondents were asked to give information on a scale regarding their general sensitivity to noise. 2. Information on sleep patterns and the impact of traffic noise on sleep: For the analysis of traffic noise induced effects on sleep behavior, the effects of noise on sleep patterns are requested from those affected in form of rating scales (before and after implementation of the measure). The participants are also asked what kind of adaptation strategies are chosen to counteract any possible noise nuisance and thus to increase the quality of sleep. Based on the usual sleeping times and the position of windows, the information can be classified. 3. State of health and health impact of traffic noise: Another key element of the survey is the analysis of the connection between noise and adverse health effects and potential changes as a result of the measures taken. Therefore, questions on the general and traffic-based health are asked. People who are already ill may present a risk group for noise-based problems. However, there are different types of vulnerability based on the large number of different disease patterns. In order to identify the major diseases that occur due to noise exposure, questions on hypertension and hearing problems are part of the questionnaire. In addition, the respondents are asked for their subjective assessment of the positive effect of noise abatement measures on their health. 4. General information on the housing situation and assessment of the quality of one's housing situation (including the living environment): To evaluate the annoyance of the affected, data on the housing and living environment-related conditions is necessary. This includes not only the duration of residence and/or ownership, but also satisfaction with the housing situation. For this purpose, indicators for satisfaction with the living environment, housing, accessibility and environmental quality are defined by various criteria such as satisfaction with the greening of the neighborhood or the accessibility of links with public transport. 5. Socio-demographic and general information: The effect of noise on different population groups varies, since personal characteristics and attitudes have a significant impact on the perception of noise pollution. Therefore, in this set of questions, socio-demographic data such as age and gender is collected. This information is also of great importance in order to classify the composition of the sample group. Other affecting conditions, such as the additional noise in the workplace, are also identified in this set.
Results of the survey to determine the impact of the five noise reduction measures
It can be said that the age distribution of the sample's population (n=369) approximately reflects the distribution on the level of the Federal Republic of Germany. Depending on the study area and hence the measure, the age distribution differs, which can be explained by local conditions. The gender ratio is approximately balanced. The proportion of people with an immigrant background and foreigners among the participants of the survey is very small. Regarding all study areas, the level of education is heterogeneous. Considering the size of the sample and the information on the socio-demographic situation, it cannot be assumed that all individual results are classified as fully transferable to other cases.
Considering the conditions of surroundings and the housing situation, it can be said that more people live in rented accommodations in the heavily urban influenced areas in comparison to the suburb areas. About a quarter of the respondents (excluding the case with installation of soundproof windows as measure) live in a housing space with soundproof windows. In the case of the measure being the installation of soundproof windows, that share is about 80%. There is no difference between people in rented flats and residents of residential property both have soundproof windows to an equal extent. In all cases, good accessibility of the areas is considered as the most positive factor of the housing situation and certain environmental impacts (e.g. on air quality or noise) are considered as the most negative factors.
Noise exposure of residents
An important criterion for the perception and evaluation of sound or noise is the individual's noise sensitivity (Giering, 2010) . The perception-oriented approach of the survey concentrates on a subjective assessment of respondents in each case. Questioned on the basis of the ICBEN scale (Fields et al., 2001 ) (a scale from 0 -not at all sensitive to noise to 10 -very sensitive to noise), respondents were asked to assess, how sensitive to noise they appraise themselves. The assumption that differences in the perception of noise exist because of cultural backgrounds or possibly other psychological preconceptions (Namba and Kuwano, 1991) could not be examined, due tothe very small number of participants from other cultures. While in most cases, the respondents stated a rather average sensitivity to noise, the extreme positions -not at all or very sensitive to noise -were also represented. The average assessment of one's own noise sensitivity deviated only slightly when comparing the different cases to one another. In the case of a noise barrier being built, people considered themselves more sensitive to noise than in the case where a night driving ban for lorries was supposed to improve the residents' quality of sleep. This reflects the different populations in these areas. Case 1 is a suburban area with mainly middle class single households while case 2 is an urban quarter with a high proportion of migrants.
A unified presentation of noise sensitivity in Germany does not exist. There are many different methodological studies for the measurement of noise sensitivity, which, however, have in common a typically individualistic approach. The individual situation -and thus the effect of environmental influences -mainly determines one's perception of noise (see e.g. Korn, (2008) ). Due to the very different spatial circumstances in Germany, a consideration of average noise sensitivity in Germany could not do justice to the complex individual influences. As a result, these results cannot be compared to other studies.
In general, the noise exposure of a person is not limited exclusively to the living area. Therefore it is important to emphasize to what extent people are exposed to additional and periodic noise nuisances in other places. Employment on a regularly noisy workplace can thus result in a different evaluation of noise in one's own living area. In addition, potential noise-related diseases can occur only due to constant stress in and outside of one´s own living situation. About 10% of the respondents said that they are regularly annoyed by noise at work (which is located outside the living area). Respectively the same amount (also about 10%) is achieved by additional regular exposure to traffic noise outside of their own living space. Usually, the duration of exposure per day (of this additional noise exposure) is less than four hours. However, nearly 20% of the respondents are exposed to additional noise nuisances for six hours or even longer.
Overall, it can be said that the participants in the survey consider themselves averagely sensitive to noise. Specific differences between the inhabitants of the various survey sites do not exist. Most people are only slightly subjected to additional noise pollution outside of their home environment. The duration of an additional exposure, however, exceeds six hours for nearly a fifth of these people. This information is relevant for the evaluation of the results because it gives a basis for the applicability of the results. If above-average sensitivity to noise would have been detected, which would not have been unusual regarding the situation, the measured values to enhance effects would inevitably decrease.
Analysis of the impact of the implemented measures
The implementation of appropriate noise protection measures in all areas took some time to complete. Therefore it can be assumed that the residents noted the changes which took place. Only few people did not notice the implementation of the measures which can possibly be explained by an arrival in the appropriate area after the implementation. Corresponding data are however not available. This is important for the chosen methodology, a retrospective survey, because otherwise, no changes could have been reported and no effects could have been measured. Even if no construction work was carried out -the night driving ban for lorries only made signs at the entrances to the district necessary -the measure was present in almost every response. Due to the direct intervention into the living area of those surveyed when installing soundproof windows, the question of whether the measure was perceived was waived.
The question of the general reasonableness of traffic noise at the various sites was answered as very distressing for the residents. Apart from the situation in case 2, the situation in the case study areas before the implementation of noise abatement measures was perceived as predominantly unreasonable (between 72% and 84% of the respondents). In case 2, only every second respondent perceived the traffic noise nuisance retrospectively as highly stressful.
The comparison of the assessment before and after the operation shows that the situation was perceived as improved by the respondents in all cases. The proportion of people, who had experienced the noise to be unreasonable, could be at least halved in all areas. While the situation in case 4 and 1 was retrospectively reported as unacceptable by over 80% of the participants, there were only about 40% in case 1 and 30% in case 4 who thought the same after the measures were implemented. The installation of noise barriers has thus led to a significant improvement of the living situation for many residents. However, the number of exposed people is still high. Since a noise barrier can particularly protect residential areas on the lower floors, it seems likely that people who do not have the possibility to retreat into those areas are still exposed to noise stress.
The survey of annoyance due to traffic noise was carried out standardized in accordance with the ICBENconventions (Fields, 2001 ). The change of annoyance was derived from retrospective questions about the annoyance prior to the implementation of measures and after the implementation. According to the scale of 10 by ICBEN this shows in total a significant improvement of perceived annoyance by residents for all measures (Fig.1) . The deviation of the annoyance levels varies from case to case (case 1 -22,8%, case 2 -14,6%, case 3 -18,8%, case 4 46 -22,9%, case 5 -8,3%). The relative declines of annoyance are the highest in case 4 and 5. However, it must be considered that the inhabitants reported a rather high exposure to noise before and after the implementation of all measures. This seems to show that improvements can be seen more clearly at a high output load than in other cases. In case 5 only a small decrease is recorded. The night ban for Lorries only has temporary effects (during the night) and some residents complain that it is not followed consequently. For a lasting positive effect of this measure, regular inspections would also be required.
The annoyance decreases after the implementation of the measures in all cases. It shows reductions between one and up to 2.5 stages. In case 5 the annoyance continues more or less on the same level. This may be because only a night driving ban was pronounced and therefore no permanent reduction of emissions was possible. In case 2 the disturbance was previously classified as comparatively low. The effects of the measure lead to an even better noise situation and thus, in comparison to the other types of measures, it had a significantly less disruptive effect.
A comparison of disruptive effects in the living areas, each with open and closed windows, made it clear how important windows are for noise reduction. If they are open, the major part of the local residents -even after the implementation of measures, and thus an improvement of the situation -are heavily stressed. Closed windows were also a good way of noise protection before the implementation of the measures. Specific differences in the evaluation regarding the time of day could not be detected. The emitted traffic noise at the survey sites was still perceived as a nuisance by most respondents if they stayed outdoors for other purposes (entertainment, recreation), despite of an improvement of the general situation. The reduction in case 5 is rather low, which can be explained by the time limits of the measure. In general, residents stay outdoors primarily during the day -that is, outside of the lorry ban hours.
In order to reflect the number of highly annoyed persons in these case studies, the results were compared with specific dose-response relationships. The database of noise mapping for the German State of North Rhine-Westphalia was used for these investigations. These maps show the cumulative noise level of the various modes of transport, which are perceived by the residents.
The reduction achieved by the different measures could not be measured in all cases e.g. in case 4 there is no information about the exact type of window installed in the flats but there was a permit condition which required a minimum noise reduction effect of these windows with 2 dB (A). This leads to the assumption that the noise reduction of this measure was 2 dB (A). In case 3 the goal for noise reduction of at least 3-4 dB (A) was confirmed by a measurement on the sample surface covering in April 2007, so this measure caused a reduction of 4 dB (A). The general effect of noise barriers (case 1) for all residents cannot be represented in absolute values since the noise is different depending on the height of the sound isolating wall and the place of residence and the distance between them. Therefore, in order to estimate the effect of measures only a conditionally accepted value can be used. According to the manufacturer, the sound barrier in case 1 has a sound-absorbing effect of 6 dB (A). Even for the grass covering in case 2, only an approximate value can be used. In case of a well maintained and high grown grass covering a reduction of 2 dB (A) is to be expected (Bundesministerium der Justiz, 2006) but a reduction of the immission level does not mean an equivalent reduction in sound pressure level for the emission. The variety of emission noises for each resident has to be kept in mind.
In order to reflect the results, the shares of greatly annoyed individuals per study area are shown together with doseresponse relations of different modes of transport determined by Miedema (2001) (Miedema and Oudshoorn, 2001) (Fig.2) . Via a comparison of different studies, Miedema (2001) (Miedema and Oudshoorn, 2001 ) has elaborated mean values of LDEN levels and the proportion of highly annoyed people by various means of transport. It attracts attention that the share of highly annoyed persons before the implementation of noise reduction measures is high above the average dose-response relations elaborated by Miedema (2001) . The share of highly annoyed persons after the implementation is quite more comparable (except case 5) to these relations. One possible explanation is the approach of the survey which measured the annoyance before the implementation based on retrospective questions. It could be possible that participants wanted to stress the fact that the situation was improved by the measures. Two surveys, one before the implementation and one after might have led to different results. All things considered, it can be said that a noticeable improvement of the situation was reported by the residents in all cases. The lightest reduction of highly annoyed persons was reported in case 5 where the lorry ban reduces noise just during night hours. The highest reductions of the share of highly annoyed people where measured in case 1 and 4 (noise barrier, soundproof windows).
Influence of noise exposure on sleep and health in the different case studies
The quality of sleep plays a crucial role for human health. Therefore the evaluation of noise related sleeping problems was part of the survey. Before the implementation of the measures most of the respondents reported problems falling asleep (69%) or staying asleep (80%). Therefore more than half of the respondents felt tired or even exhausted the following morning (45%). The implementation of the measures leads to improvements of this situation in all cases (55% reported problems with falling asleep and 62% with staying asleep after the implementation of the measures).
Most of the respondents felt more or less healthy. Asked about the effect noise has on their health about 15% reported health problems induced by noise. In case 4, where the share of annoyed people was lower than in the other cases, the share of people that report noise induced health problems is also lower compared to the other cases. The longer people lived in these noisy polluted areas, the more often they reported noise induced health problems. 6,5% of the people which moved in just before the implementation of the measure reported these problems, while 19,6% of the residents which had been living there for ten or more years reported noise related health problems. These problems were mainly psychosocial effects as for example negative emotional annoyance or adverse health effects like sleep disturbances, endocrine effects (release of stress hormones) and cardiovascular diseases such as hypertension and ischemic heart disease. A comparison of the share of people with hypertension in Germany in general (Robert Koch Institut, 2011) and in areas analyzed cases shows small differences: 26% of the German inhabitants have hypertension and in these samples the share of people with hypertension is about 30%.
Conclusions
Traffic noise is one of the main problems cities have to deal with. Since 2005 municipalities in Germany have had to calculate and map noise levels and set up noise action plans in order to reduce noise induced effects on citizens. In this context the Ministry for Climate Protection, Environment, Agriculture, Nature Conservation and Consumer Protection of the German State of North Rhine-Westphalia set up funding for the implementation of traffic noise reducing measures. After a lot of those measures had been implemented it was interesting to measure the effects. This research concentrated on the subjective effect of noise reducing measures on the residents in five areas in Germany with five different noise reducing measures (noise reducing asphalt, grass covered tramways, noise barriers, soundproof windows, night driving ban for lorries). The study is one of the first attempts to consider individual perception or subjective effects in the evaluation of effectiveness of noise reduction measures in Germany.
The results of the study show that almost all of the residents experienced an improvement of their living situation. The reduction of the share of highly annoyed people varies from case to case and shows no direct correlation to the reduction of sound level. This fact supports the approach of an evaluation where the individual's perception of noise is taken into account. The residents feel limited by traffic noise in different ways: noise reduces their living quality (disturbing concentration and communication), they have sleeping problems or they have to keep their windows shut to avoid noise. The main reported health problems induced by traffic noise are nervousness, sleeping problems and hearing problems. The longer residents live close to traffic which causes a high noise level, the higher is the rate of noise induced health problems. The comparison of the results -the shares of greatly annoyed persons per study areawith dose-response relations of different modes of transport determined by Miedema (2001) (Miedema and Oudshoorn, 2001) show that the share of highly annoyed persons before the implementation lies high above the average dose-response relations elaborated by Miedema (2001) (Miedema and Oudshoorn, 2001 ). The share of highly annoyed persons after the implementation is quite more comparable (except case 5) to these relations. One possible explanation is the approach of the survey, which measured the annoyance before the implementation based on retrospective questions. It could be possible that participants unconsciously stressed the fact that the situation was improved by the measures. Two surveys, one before the implementation and one after might have led to different results.
On account of the small affected areas of the analyzed measures, the sample is too small in order to distinguish between social groups, age groups or education level within the study. Therefore the differences in effects of the measures might also have been influenced by the differences in social structure in the different study areas. In order to eliminate these effects, a study with different measures in areas with comparable social structures has to be designed and performed. This is difficult to achieve because the measures are performed only where they are needed and these areas often do not have comparable social structures.
